Introduction
Hysterectomy is one of the most commonly performed gynecologic procedures around the world. Around 600,000 women in the United States each year undergo a hysterectomy operation, with benign reasons such as menorrhagia, myoma uteri, pelvic pain and uterine prolapse being the major indications [1] . Hysterectomy is performed by one of the three methods available, which are abdominal hysterectomy (AH), vaginal hysterectomy (VH) and laparoscopic hysterectomy (LH) [2] . The hysterectomy operation is traditionally performed through an abdominal or vaginal approach [3] . Abdominal hysterectomy (AH) is the most commonly employed hysterectomy technique in Turkey [4] .
In 1989, laparoscopic or laparoscopically assisted vaginal hysterectomy was introduced by Reich et al. as an alternative method to abdominal hysterectomy [5] . Factors such as diminished scar tissue formation, shorter length of hospital stay and early return to daily activities and work compared to AH have attracted interest to laparoscopic hysterectomy [6] . The rate of LH for benign disease was reported to be 11.8% in an analysis conducted in the United States in 2007 [7] . A survey conducted in Australia reported that many gynecologists had a desire to increase their rate of LH [8] . To date, numerous randomized controlled trials and systematic reviews comparing hysterectomy methods have been conducted [9] ; however, there is still no consensus on the optimal hysterectomy method [10] .
The rates of intraoperative and postoperative complications have been reported to be increased in conjunction with the increased use of LH [11] . Injury to the great vessels, bowel injury and injury to the urinary tract (bladder or ureter) have become more pronounced with LH than with traditional AH [12] . The most striking finding in comparison of abdominal versus LH methods was that LH was associated with an approximately 2.6-fold increased risk of urinary tract injury. In particular, LH with the indication of advanced stage endometriosis brings about 1-10% risk of bowel injury [13, 14] .
Higher rate of morbidities occurring after LH performed for benign indications and which mostly involve the urinary tract could be associated with numerous factors such as the laparoscopic procedure itself being difficult to perform, lack of surgical practice, the patient having a history of previous surgery and the size of the uterus. Primum non nocere, a Latin maxim, translates as "First, do no harm". Keeping this phrase in our guidance, it still remains an unanswered question whether, in the absence of gynecological malignancy and under elective conditions, to perform AH, offering a safer approach, or to perform an LH procedure where due precautions are taken for possible complications.
Aim
In this study, we aimed to compare LH operations performed with a tissue fusion device accompanied by intraoperative diagnostic cystoscopy with traditional AH operations involving bilateral ureteral dissection.
Material and methods
Eighty-five patients, who underwent an operation in the Department of Obstetrics and Gynecology in Bucak State Hospital and in the Department of Obstetrics and Gynecology in Düzce University Faculty of Medicine between November 2010 and November 2012, were included in this study. Thirty-five patients underwent AH with or without removal of tubes/ovaries and with concurrent ureteral dissection (UD), whereas 50 patients underwent LH using a tissue fusion device with or without removal of tubes/ovaries and accompanied by diagnostic cystoscopy (CYS). All operations were performed by the same surgeons. Data of the patients were retrieved retrospectively from the records of Bucak State Hospital and Düzce University Faculty of Medicine Training and Research Hospital. Signed informed consent was obtained from all patients undergoing surgery. The study received ethics approval from the Ethics Committee of Non-invasive Research at Düzce University, School of Medicine (Decision number: 2013/389).
In our study, women whose periods have stopped for one complete year were considered menopausal. The history of abdominal surgery was considered remarkable if the patient had previously undergone Caesarean section or any abdominal operation. Past medical history was considered remarkable for systemic disease if the patient had any systemic disease such as previously diagnosed diabetes, hypertension, renal failure or thyroid dysfunction.
All patients were administered preoperative antibiotic prophylaxis with 1 g of cefazolin. Patients were given a liquid diet for 1 day before the surgery. Bowel preparation was performed by the administration of oral laxatives one day prior to surgery and rectal enemas administered every 8 h. Operation time is defined as the time frame in minutes between the initiation and cessation of the procedure. The difference in hematocrit and hemoglobin levels measured before and at 6 h after surgery is termed as ∆Htc and ∆Hb.
Postoperative fever was defined as body temperature above 100.4°F (38°C) in two consecutive measurements taken with 4-hour intervals [15] . Highest measurements of the patients recorded during their hospital stay were included in the study. The patients were considered to have surgical site infection if they met the Centers for Disease Control and Prevention criteria for surgical site infection: i) infection occurs within 30 days after the operation, ii) purulent drainage from the incision, iii) organisms isolated from the culture of fluid obtained from primarily closed operation site, iv) diagnosis of infection by the surgeon, and v) presence of surgical site requiring reopening [16] .
The patients were considered to have developed cardiopulmonary complications if pulmonary embo lism, cardiac failure or heart and lung problems resembling pulmonary edema had occurred in the postoperative period. Patients were deemed positive for re-operation if they had undergone a second operation. Genitourinary fistula is defined as the development of abnormal communication between the vaginal mucosa and bladder or ureter, which did not exist in the preoperative period and which caused unimpeded leakage of urine. Analgesic requirement in the postoperative period was defined as the total number of tenoxicam 20 mg vials required in the postoperative period. Patients with a uterus measuring 16 weeks gestational size or larger underwent AH + UD. Apart from that, no exclusion criteria were employed for patients undergoing LH + CYS.
S Su ur rg gi ic ca al l t te ec ch hn ni iq qu ue e General anesthesia or spinal anesthesia was administered in patients who underwent AH + UD. The abdomen was opened by Pfannenstiel incision. Richardson-type hysterectomy was used in all patients. During the procedure, loose retroperitoneal connective tissue was dissected with the index finger or with the tail end of tissue forceps. The external iliac artery coursing along the medial aspect of the psoas muscle was exposed. The bifurcation of the common iliac artery was exposed with blunt dissection. The ureter was immobilized at the point where it crosses the pelvic fossa. The ureter was dissected along its course running parallel to the internal iliac artery and immobilized adjacent to the uterine artery [17] . Before completion of the operation, the integrity of the ureters, ureteral peristalsis and the diameter of the ureters were examined.
All LH + CYS operations were conducted under general anesthesia. For better manipulation of the uterus, a uterine manipulator with a vaginal apparatus was inserted into the uterine cavity; it fits over the vaginal fornices and provides identification of the cervico-vaginal margin during intra-abdominal in spection. The 10-mm laparoscope was inserted through the umbilical trocar that was introduced into the abdominal cavity by a vertical incision. Two 5-mm trocars were placed in the left and right lower quadrants lateral to the rectus abdominis muscle and inferior epigastric vessels [2] . Finally, a 10-mm trocar was placed 3 cm below the left costal margin in the midclavicular line (Palmer's point). A 10-mm tissue fusion device (Ligasure®) was inserted through the trocar placed on Palmer's point. A 5-mm dissector and grasping forceps were inserted through the trocars placed in the left and right lower quadrants. A 5-mm tissue fusion device (Ligasure®) was inserted into the abdominal cavity with 5-mm or 10-mm trocars, when required. The operation was carried out by suspending the uterus from the pelvic floor with the aid of the manipulator while paying attention to the possible route of the ureter just beneath the peritoneum. Round ligaments in both sides were dissected and hemostasis was achieved using a tissue fusion device (Ligasure®). The infundibulopelvic ligament in patients undergoing salpingo-oophorectomy, otherwise the utero-ovarian ligament, was dissected by a tissue fusion device (Ligasure®) and hemostasis was achieved. The anterior and posterior sheets of the peritoneum were unfolded to expose the uterine artery and hemostasis was achieved by using a tissue fusion device. The vesico-uterine fold of the peritoneum was dissected and freed from the bladder, uterus and upper portion of the vagina according to the procedure as described by Tanaka et al. [2] . After dissecting the cardinal ligaments, vaginal walls were incised circumferentially using monopolar needle cautery while stretching over the vaginal fornices with the aid of the manipulator. The surgical specimen was removed via the vagina. Uterine morcellation was used to remove the specimen, where necessary. Long-term absorbable sutures were placed intravaginally to close the vaginal cuff and retroperitoneum [2] . Finally, the abdominal cavity was evaluated by laparoscopy for hemostasis. The patients then underwent diagnostic cystoscopy using a rigid cystoscope. A cystoscope with 4-mm outer diameter, 30° direction of view and 22 Fr outer sheath was inserted into the bladder. After the bladder was filled with saline, the interureteric fold and both ureteral openings were determined. The bladder wall was systematically inspected and a jet of urine spurting was noted from both ureteral openings. Pre-renal reasons were considered in the first place when the bilateral jet of urine spurting was found to be absent or minimal, and the patient was accordingly administered a bolus injection of intravenous fluids and/or diuretics. Ureteral catheterization was performed using 6 Fr or 8 Fr ureteral catheters in cases in which the absence of ureteral jet stream persisted or in the case of unilateral absence of a jet of urine spurting.
S St ta at ti is st ti ic ca al l a an na al ly ys si is s Mean, standard deviation, proportion and frequency were used in descriptive statistics. The distribution of data was determined by the KolmogorovSmirnov test. Quantitative data were analyzed using an independent samples t-test and Mann-Whitney U test. The χ 2 test was used in the analysis of qualitative data. The SPSS 20.0 software package was used in statistical analyses. Values of p < 0.05 were considered statistically significant.
Results
We compared a total of 85 patients who underwent either AH + UD or LH + CYS. The two groups were not found to be significantly different in terms of age (p = 0.221), gravida (p = 1.000), parity (p = 0.205), proportion of menopausal women (p = 0.765), past history of abdominal surgery (p = 0.926), or presence of systemic disease (p = 0.313) ( Table I ). The indications for the operations in the two groups are shown in Table II . The most common indication for the operation was myoma uteri in both patients undergoing AH + UD (n = 20, 57.1%) and patients undergoing LH + CYS (n = 21, 42.0%). Adnexal mass was found to be the second most common indication for the operation in the two groups (Table II) .
Among patients who underwent AH + UD, 9 (25.7%) were administered spinal/epidural anesthesia and 26 (74.3%) were administered general anesthesia. All patients who underwent LH + CYS were administered Bowel injury, n (%) 0 (0.0) 1 (2.0) 1.000
AH + UD -abdominal hysterectomy + ureteral dissection, LH + CYS -laparoscopic hysterectomy + diagnostic cystoscopy
Bladder injury, n (%) 0 (0.0) 1 (0.0) 1.000
T Ta ab bl le e I II II I. . Comparison of intraoperative variables

*Values of p < 0.05 were considered statistically significant, AH + UD -abdominal hysterectomy + ureteral dissection, LH + CYS -laparoscopic hysterectomy + diagnostic cystoscopy
general anesthesia. The operation time was found to be significantly longer in patients who underwent LH + CYS (p = 0.0001). Delta Htc was significantly higher in patients who underwent AH + UD (p = 0.0001). Likewise, ∆Hb was significantly higher in patients who underwent AH + UD (p = 0.002). No significant difference was found between AH + UD and LH + CYS patient groups in terms of intraoperative complications including ureteral injury, bowel injury and bladder injury (p = 0.378, p = 1.000 and p = 1.000, respectively) (Table III) . Patients who underwent AH + UD were not significantly different from those who underwent LH + CYS in terms of mean body temperature or postoperative blood transfusion requirements (p = 0.051 and p = 0.210, respectively). Mean parenteral analgesic requirement in the postoperative period was found to be significantly lower in patients who underwent LH + CYS (p = 0.005). In our study, postoperative length of hospital stay was found to be significantly higher in patients who underwent AH + UD (p = 0.0001). No statistically significant difference was found between the two groups in terms of postoperative cardiopulmonary complications, re-operation rate or occurrence of genitourinary fistula (p = 1.000, p = 1.000 and p = 1.000, respectively). However, the rate of surgical site infection in the postoperative period was found to be higher among patients who underwent AH + UD (p = 0.030) (Table IV) .
Discussion
Decreasing health-care costs and increasing the quality of life are targeted by selecting the optimal hysterectomy method [18] . Laparoscopic hysterectomy appears to be an appropriate alternative method. Technical drawbacks, potential complications and lack of surgical experience may hamper LH coming into common practice [19] . Abdominal hysterectomy is commonly performed in current practice. The rates of AH have been reported to be 80% in Denmark, 63% in the United States and 67.9% in Turkey [1, 4, 20] . Several methods have been introduced in order to decrease the high rate of major complications which is perhaps the main limitation associated with LH [20] . Laparoscopic hysterectomy brings about a higher rate of lower urinary tract injury compared to AH [21] . There is, however, a lack of consensus regarding the protective measures against urinary tract injury occurring during LH. In 2007, ACOG recommended the use of cystoscopy in patients with suspicion of injury, whereas in 2012, the American Association of Gynecological Laparoscopy recommended the use of cystoscopy in all patients [22, 23] . Tanaka et al. reported that ureteral catheterization offers a practical and safe method particularly in determining ureteral injuries [2] . Tissue fusion devices do not just ligate vessels but also ligate tissue and luminal structures such as ureters. Cystoscopy helps to detect some injuries that would have otherwise been missed during laparoscopic surgery. The rates of injuries identified are up to 5-fold higher when routine cystoscopy is performed [12] . Ribeiro et al. offered to investigate a possible complication of ureter ligation and cutting when the intraoperative cystoscopy during LH showed no flow through the ureter. They claimed that intra-operative cystoscopy allows for early recognition and treatment of especially obstructive ureteral injuries and may reduce the rate of late postoperative complications during advanced laparoscopic procedures [24] . Hove et al. investigated ureteral injuries in gynecological surgery and reported that 44 of 136 ureteral injuries could potentially have been avoided using established surgical practices, most importantly by exposing the ureter via dissection [25] . In our study, we compared patients who underwent AH + UD with those who underwent LH + CYS performed with a tissue fusion device in terms of urinary tract injuries and other intraoperative and postoperative variables.
Past history of pelvic or other surgery, age, and parity determine the type of hysterectomy method [26, 27] . The percentage of AH increased with increasing age, as compared to LH [28] . However, our study was conducted on a homogeneous group of patients and no specific exclusion criteria were set for LH + CYS other than the uterus measuring larger than at 16 weeks of gestation. Demographic characteristics were not significantly different between the two groups in our study.
The most common indication for the operation was myoma uteri for both groups in our study. Myoma uteri was the most common indication for both AH and LH in some previous reports, a finding similar to that in our study [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . The second most common indication in our study was an adnexal mass, whereas some of the studies performed to determine ureteral injuries associated with LH reported adenomyosis being the second most common indication for the operation [2, 29] .
Laparoscopic hysterectomy is a technically more difficult procedure than AH. Similar to our findings (p = 0.0001), many other studies and reviews have shown that mean operation time was longer in LH than in AH [4, 30] . Although we performed diagnostic cystoscopy in conjunction with LH, mean operation time was 145.50 ±37.75 min, which is not different to the reported figures in similar studies [4, 5] . In our study, ureter dissection during AH was performed in accordance with the surgical techniques described in TeLinde's Operative Gynecology book. The ureters were evaluated for the presence of injury, ureteral peristalsis and their diameters. Mean operation time for AH + UD was found to be 109.57 ±27.07 min. Mean operation time for patients undergoing only AH was 124.4 ±64.7 min [26] , and 125 minutes in other studies [4] . Although we performed ureteral dissection during AH, mean operation time in our study was similar to those in large series reported in the literature, in which ureteral dissection was not performed.
The decline in hematocrit (∆Htc) and hemoglobin (∆Hb) levels was significantly higher in our patients who underwent AH + UD (p = 0.0001 and p = 0.002, respectively). Most studies comparing AH and LH reported estimated blood loss to be significantly lower with LH [4, 9, 13] . According to our results, LH + CYS could be recommended as the first choice of hysterectomy method in order to reduce morbidity rates in clinically anemic patients or in patients with borderline low Hb and Htc levels. Further studies are indicated to determine the contribution of ureteral dissection performed in conjunction with AH to estimated blood loss. We could not find any studies that described the amount of blood loss in AH concomitant with UD.
In our study, no statistically significant difference was found between the AH + UD and LH + CYS patient groups in terms of intraoperative major complications such as ureteral injury, bowel injury and bladder injury (p = 0.378, p = 1.000, p = 1.000, respectively). A comprehensive review previously showed that the rate of major complications was not affected by the type of hysterectomy method employed [30] . Nieboer et al. compared hysterectomy methods and reported higher incidence of urinary tract injuries with LH [9] . Klimczak et al. reported that conversion from laparoscopic hysterectomy to laparotomy and thermal injury to the ureter can occur at the beginning of the learning curve of LH [31] . Garry indicated that studies comparing hysterectomy methods are generally multicenter and far from being objective, and complication rates do not allow clear assessment [10] . In our study, operations were conducted by the same surgeons working in two different centers located in different cities.
Ureterovaginal fistula occurred in one patient, who underwent LH + CYS with a tissue fusion device, on postoperative day 10, although the bladder mucosa appeared intact and a bilateral ureteral jet of urine spurting was observed on intraoperative cystoscopy in this patient. Lim et al. reported that ureter injuries to a certain extent are caused by the electrocautery and surface in the days following the operation [21] . Urologists claim that inspection of the ureters is the most important diagnostic tool in intraoperative diagnosis of ureteral injuries. Inspection offers a 89.3% diagnostic advantage over pyelography in intraoperative diagnosis of ureteral injury [32] . We believe that ureters must be visualized during AH and be inspected for their integrity, and presence of hemorrhage and contusion. We performed AH by exposing ureters along their courses.
Patients who underwent AH + UD were not significantly different from those who underwent LH + CYS in terms of postoperative blood transfusion requirements (p = 0.210). None of our patients re quired preoperative blood transfusion. Large series comparing AH and LH showed no significant difference between blood transfusion requirements in the two groups [13, 33, 34] . None of our patients developed febrile morbidity in the postoperative period. Patients who underwent AH + UD were not significantly different from those who underwent LH + CYS in terms of mean postoperative body temperature (p = 0.051). Studies by Kluivers et al. and Ribeiro et al. both demonstrated no difference in terms of febrile morbidity between patients who underwent AH or LH [13, 33] . Our findings on febrile morbidity seem consistent with the literature. The retroperitoneum was opened during AH and ureters were exposed along their courses in the neighborhood of the operational field in our study. Cystoscopy was performed during LH in our study. Although these procedures in addition to classic AH and LH would be anticipated to increase febrile morbidity, none of our patients experienced postoperative fever. The incidence of urinary tract infections has been shown to be higher in gynecological procedures where ureteral catheterization is employed [35] . We consider that employing diagnostic cystoscopy for the sole purpose of inspecting the bladder wall and observing ureteral jet streams might have prevented postoperative febrile morbidity in our study. Moreover, basic principles of abdominal surgery were followed while dissecting the ureters.
No statistically significant difference was found between the two groups in terms of postoperative cardiopulmonary complications, re-operation rate or occurrence of genitourinary fistula (p = 1.000, p = 1.000 and p = 1.000, respectively). It was previously reported that pneumoperitoneum could hamper venous circulation in the lower extremity and cause deep venous thrombosis or pulmonary embolism [36] . Reoperation at the early postoperative period after hysterectomy is mostly due to hemorrhage. Sutasanasuang performed 60 AH and LH operations and none of the patients required re-operation [37] . In a large series of patients comparing hysterectomy methods, 0.4% of the patients required re-operation after AH whereas none of the patients undergoing LH required re-operation [4] . Ureteral dissection and diagnostic cystoscopy added to conventional AH and LH procedures did not increase the risk of re-operation.
Many studies have demonstrated lower parenteral analgesic requirement in the postoperative period and shorter length of stay in patients who underwent LH [4, 10, 36] . In our study, mean parenteral analgesic requirement in the postoperative period was found to be significantly lower and length of stay was shorter in patients who underwent LH + CYS (p = 0.005, p = 0.0001, respectively). Use of cystoscopy during LH in an attempt to reduce lower urinary tract injuries did not influence postoperative analgesic requirement or the length of hospital stay. The rate of surgical site infection in the postoperative period was found to be higher among patients who underwent AH + UD (p = 0.030). Nieboer et al. re viewed the results of 24 studies and found that surgical site infection is more frequently reported after AH [9] . Although we performed diagnostic cystoscopy in conjunction with LH, the incidence of surgical site infection was still lower than in AH.
Conclusions
We conclude that diagnostic cystoscopy followed by LH operations yields major and minor complication rates similar to safely performed AH operations preserving ureters. It must, however, be kept in mind that ureteral injuries are caused by the electrocautery and perioperative diagnostic cystoscopy may fail to identify such injuries. Comprehensive research on a larger scale is needed in order to investigate safer and easy-to-perform methods in LH that would reduce urinary tract complications and all-cause complication rates. This may, therefore, close the gap between the rates of abdominal hysterectomy and laparoscopic hysterectomy.
